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Abstract 
Thebesian vasculature provides for communi-
cation between the coronary system and the 
chambers of the heart. Anatomic, embryologic, 
physiologic, and therapeutic investigations have 
involved this component of cardiac anatomy from 
the early 18th century to the present time. The 
scanning electron microscope (SEM) now affords 
an innovative approach to the study of the ostia 
of these veins as they open into the chambers of 
the heart. The surface of the intact endocar-
dium is continuous, whether it is treated with 
boric acid or not, as long as it remains intact. 
Enzymatic microdissection of tissues with 
trypsin, hyaluronidase and pronase, followed by 
similar treatment with boric acid, reveals con-
tinuity of successive component layers of the 
endocardium extending into Thebesian substruc-
ture. Thebesian tributaries are easily visual-
ized from the ostia but the deeper capillary 
network of the Thebesian system is not demon-
strable by this approach. Valvular structures 
such as might prevent retroflow during the 
cardiac cycle are not present. Our observations 
with SEM support anatomic relationships indi-
cated by previously published work. 
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Introduction 
Thebesian veins are a recognized yet 
little emphasized component of the cardiac 
venous system. The intact endocardial surface 
of both the right and left sides of the heart 
possesses Thebesian ostia which open directly 
into the chambers of the heart. These 
openings are lined with endothelium that is 
continuous throughout the heart and its own 
vasculature. Scanning electron microscopy 
(SEM) reveals these ostia to advantage 
(Rosinia and Low, 1985b). Enzymatic digestion 
of normal cardiac tissue followed by ultra-
sonication further clarifies the structural 
organization of these vessels. An account of 
our observations is presented herewith. 
The scholarly reviews of Wearn (1928) and 
Wearn et al. (1933) indicated a long and some-
what complex history of Thebesian veins, a 
brief account of which is offered here. Com-
munication between the coronary system and 
the chambers of the heart was first described 
in 1706 by Raymond Vieussens in a published 
letter (Wearn, 1928). Vieussens injected a 
solution of saffron dye and spirits into the 
coronary arteries and observed its escape, 
not only through the coronary sinus into the 
right atrium, but also directly into the 
chambers of the heart. This occurred by way 
of small openings in the endocardial surface 
which he called "ducti carnosi." His dissec-
tions of human, sheep and calf hearts all 
yielded similar results. He therefore con-
cluded that there were direct communications 
between the coronary arteries and the chambers 
of the heart. 
Thebesius published his experimental de-
scription of the same openings in 1708 (Wearn, 
1928). He injected different substances into 
the coronary sinus and coronary veins and ob-
served their escape into the heart's chambers 
through small veins. He then hypothesized that 
these veins provided for a continuous flow of 
blood in the heart by permitting an exit during 
systole. Although Vieussens first described 
them, they are now known as Thebesian veins. 
A number of investigators turned favorable 
attention to these vessels in the 18th century 
but considerable doubt about their existence 
arose in the 19th. This trend was reversed by 
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the impressive experimental work of Pratt (1898, 
quoted by Wearn, 1928) who revived credibility 
by maintaining the beating heart of a cat 
through perfusion of defibrinated blood through 
Thebesian veins. This explained the lack of 
infarcts in hearts with markedly sclerosed 
coronary arteries. Pratt believed that these 
vessels were connected directly to the coronary 
veins and indirectly to the coronary arteries by 
capillaries in the myocardium. 
Investigations of the embryology of 
Thebesian veins indicated that they repre-
sented the remains of the primitive inter-
trabecular circulation (Wearn, 1928). Minot's 
work;~revealed that the cardiac "sinusoidal" 
circulation was sufficient to nourish the 
trabeculae of the heart. Lewis' work*further 
demonstrated that at least a portion of the 
embryonic sinusoids survived in the adult heart 
of the rabbit and torpedo as Thebesian veins. 
Wearn (1928) examined the possibility of 
vascular communications larger than capil-
laries between the coronary arteries and the 
chambers of the heart. He perfused with India 
ink and a celloidin perfusion mass too thick 
to pass through capillaries. Serial sections 
through Thebesian veins revealed scarcely any 
ink in capillaries although both ink and cel-
loidin escaped into the heart chambers via 
Thebesian ostia. Similar connections between 
coronary veins and Thebesian veins were also 
demonstrated. He believed that as much as 90 
percent of arterial flow might escape through 
Thebesian veins and concluded that they might 
be able to supply the heart with sufficient 
blood for an "efficient circulation." 
Grant and Viko (1929) also described the 
anatomy of Thebesian vessels and their rela-
tions with coronary vessels (Fig. 1). They 
injected mammalian hearts with gelatin and 
celloidin masses and found three main types 
of vessels connecting with Thebesian foramina. 
The first type subdivided into trees ending in 
a capillary network and ramified in the endo-
cardium and underlying muscle. The second 
type consisted of channels uniting neighboring 
foramina, neighboring trees and intertrabecu-
lar spaces. The third were vessels uniting 
foramina with coronary veins, either direct-
ly or through fine anastomoses with Thebesian 
trees. The three types merged into each other 
with all gradations among them. These workers 
believed that coronary arteries communicated 
with Thebesian vessels only through capil-
laries. Thebesian veins not only participated 
in coronary venous drainage but might also 
afford the ischemic heart some nourishment 
through retrograde flow. 
Therapeutically oriented work by Lolley 
and Hewitt (1980) utilized Thebesian vascu-
lature to relieve the anoxic heart. A low 
pressure perfusion via the coronary sinus, 
using a low viscosity asanguineous solution 
(glucose, potassium, insulin) was established 
primarily through Thebesian and sinusoidal 
vessels. This procedure delivered an energy 
substrate and removed harmful anaerobic meta-
bolites. A study by Carlson et al. (1985) 
*cited in Wearn, 1928. 
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suggested that a number of venous-to-Thebesian 
shunts, >14 µmin size, can open in response to 
coronary occlusion and retroperfusion. This 
implied that, during normal venous pressure 
and patent coronary arteries, the venous 
system did not have free access to the left-
sided Thebesian system. 
Our early experiments indicated that enzy-
matic degradation followed by a short period 
of ultrasonication proved to be an effective 
means for selective microdissection of the 
endocardium (Rosinia and Low, 1985a). The 
three basic layers of the endocardium; the 
endothelium, an underlying basal lamina and 
the subendothelial loose connective tissue 
could be selectively exposed by variations 
in the time of exposure and the type of enzyme 
used. Trypsin, hyaluronidase and Pronase-E (a 
proteolytic cocktail) were used. Treatment 
with trypsin and hyaluronidase removed the 
endothelium, exposing the underlying basal 
lamina. Enzymatic degradation with Pronase-E 
removed the endothelium and basal lamina, 
revealing the subendothelial connective 
tissue. Treatment with boric acid without 
previous enzymatic digestion maintained an 
intact endocardium, useful for viewing in 
SEM. These various preparatory methods pro-
vided preparations suitable for examining the 
cardiac ostia and terminal ramifications of 
the system of vessels first described by 
Vieussens and Thebesius. 
Materials and Methods 
Adult rat hearts (Sprague-Dawley) were 
removed in vivo under anaesthesia and dissected 
in mammalian Ringer's solution. Pieces 3 to 5 
mm in diameter were cut from the chamber walls. 
Interatrial and interventricular septa were 
immersed in appropriate buffer solutions (as 
indicated below) at 37°C. Age, sex and car-
diac size did not affect the outcome of the 
observations. An aliquot (0.05 mg, 1 mg and 3 
mg of trypsin, hyaluronidase and pronase-E 
respectively) was added to the buffer solution 
at the beginning of each hour. Results were 
attained with 2 h exposure of trypsin (SIGMA 
Chemical Co., /IT0134) in a buffer solution 
(0.04 Tris/HCl, 0.01 MCaC17 , pH 8.1), 4 hex-
posure to hyaluronidase (SIGMA Chemical Co., 
/IH3506) in a buffer solution (0.10 M P04 , 
0.45% NaCl, pH 5.5) and 3 h exposure to 
pronase-E (SIGMA Chemical Co., /15147) in a 
buffer solution (0.025M Tris/HCl, 0.01 M 
CaCl, pH 7.3). Tissue samples were then 
imme~sed in 1% aqueous boric acid solution 
overnight to accommodate subsequent soni-
cation. Pieces not exposed to enzymes were 
similarly treated with boric acid. Stepwise 
dehydration used ascending grades of acetone 
(25, 50, 75, 95, 100%) for 10 minutes each 
known to be adequate for subsequent SEM. 
Samples were then sonicated at 80 kHz 
(diSONtegrator, Ultrasonic Industries, Inc., 
Engineers Hill, Long Island, NY) in 100% 
acetone for 10 minutes (Low and McClugage, 
Thebesian Ostia 
1984). The remainder of the technique was 
standard for SEM. 
Results 
Ostia of Thebesian veins may be found in 
all chambers of the heart but are most preva-
lent in the atrial and ventricular septa. 
They are more common on the right side than on 
the left where they are frequent on the papil-
lary muscles. The three main pathways of the 
Thebesian system, as described by Grant and 
Viko (1929) are illustrated in Figure 1. Some 
pertinent morphological characteristics of 
Thebesian ostia and their connecting vessels, 
as viewed from the chambers of the heart, are 
illustrated herein. 
Tissues treated only with boric acid pre-
serve the complex arrangement of Thebesian 
ostia and their tributaries (Figs. 2-6). In 
these preparations the endothelium is not 
removed but may be somewhat disturbed since it 
has not been stabilized by standard fixation. 
The nuclei of endothelial cells appear as 
small white pellets on the surface. Higher 
magnifications reveal linear arrangements 
that originally marked cell boundaries 
(Fig. 3). 
Low power magnifications illustrate well 
the complexity of Thebesian ostia (Fig. 2). 
With ordinary illumination suited to such a 
field many of the ostia do not reveal the 
internal tributaries. But with careful 
attention to rotation and tilting of the 
specimen considerable depth can be visualized 
in individual ostia. This is illustrated in 
Figures 3 and 4 which show repositioned 
details of ostia labeled in Figure 2. 
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Fig. 1. A cross-sectional view of Thebesian 
vascular relationships according to Grant and 
Viko (1929). 
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Fig. 2. Ostia of Thebesian veins located in 
the right ventricular wall, opening into the 
right ventricle. Ostium Ill is presented in 
greater detail in Figure 3, ostium 112 in Figure 
4. Endothelial nuclei appear as small white 
dots. One percent boric acid overnight. Bar= 
17 µm. 
Fig. 3. Tributaries leading to a Thebesian 
ostium. This is a more favorably positioned 
view of ostium Ill in Figure 2. One percent 
boric acid overnight. Bar= 50 \Jm. 
Complex tributaries leading to Thebesian 
ostia are frequently visible (Figs. 3,6). 
These may represent the termination of a 
capillary plexus or, more likely from their 
rather large diameter, are shunts having 
direct, non-capillary connections with 
coronary veins. Tributaries of only capillary 
dimensions are seldom seen through Thebesian 
ostia although a well illuminated area can 
penetrate deeply (Fig. 5). Sizeable tribu-
taries may be quite numerous and very deeply 
situated in the myocardium (Fig. 6). Diges-
tion with trypsin reveals substantially the 
same morphological situation, although the 
endothelium has been removed (Rosinia and Low, 
1985a) revealing the endothelial basal lamina. 
Figure 8, which presents detail of a single 
ostium of figure 7, exhibits extraordinary 
depth in Thebesian vessels of more than 
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Fig. 4. A large Thebesian ostium. This is 
a more favorable view of ostium #2 in Figure 
2. Endothelial nuclei appear as white dots. 
Deep tributaries are revealed in Figure 5. 
One percent boric acid overnight. Bar= 31 µm. 
Fig. 5. Deep tributaries. These are located 
in ostium #2, Figure 2. This endothelial covered 
network may be the converging trunk of a 
Thebesian tree seated deeply in the myocardium. 
One percent boric acid overnight. Bar= 9.1 ym. 
capillary dimensions. The action of hya-
luronidase also exposes the endothelial basal 
lamina as illustrated in figure 9. Pronase-E 
produces somewhat greater changes involving at 
least partial removal of the basal lamina 
(Rosinia and Low, 1985a,b). Extreme enzymatic 
microdissection is illustrated in figures 10 
and 11, which were treated with Pronase-E. 
Here the underlying loose connective tissue of 
the endocardium is starkly revealed chiefly 
along the lines of the Thebesian ostium (Fig. 
11). 
1366 
Fig. 6. Numerous tributaries. These empty 
into a Thebesian ostium located in the right 
ventricular wall. Endothelial nuclei are 
prominent. One percent boric acid overnight. 
Bar= 63 um. 
Fig. 7. Thebesian ostia. These are located 
on the left septal surface. Endothelial 
microdissection with light trypsinization 
exposes the endothelial basal lamina. Ostium 
#1 is presented in greater detail in Figure 8. 
Two hour trypsin exposure; one percent boric 
acid overnight. Bar= 200 µm. 
Discussion 
The present study indicates the feasi-
bility of demonstrating and analyzing the 
terminal branches of Thebesian veins with the 
scanning electron microscope. In the light of 
previously published work as cited in the 
Introduction, certain of our observations 
merit brief discussion. 
A remarkable feature of our observations 
is the rare presence of vessels of capillary 
dimensions opening into the distal Thebesian 
veins. However, existence of a capillary net-
work is indicated both embryologically and 
physiologically. The embryologic investi-
gations of Minot and Lewis (Wearn, 1928) 
indicate that the Thebesian complex is a 
residuum of a functionally competent system of 
embryonic sinusoids that were once essential 
to the early myocardium. Furthermore, the 
physiologic investigation of Pratt (1898) 
reveals the utility of the Thebesian vascu-
lature through its relationship with 
Thebesian Ostia 
Fig. 8. Tributaries. These are located in 
ostium Ill in Figure 7 and exhibit great luminal 
depth. The large diameter of these tributaries 
is compatible with direct coronary venous 
shunts. The endothelial basal lamina appears to 
be continuous into the Thebesian ostium and 
tributaries. Two hour trypsin exposure; one 
percent boric acid overnight. Bar= 29 µm. 
Fig. 9. Cut surface of the myocardium (M). 
Lumina are visible coursing into the depth of 
the myocardium (lumen Ill) and parallel to the 
endocardial surface (lumen /12) in the right 
septum. The endocardial (E) surface is also 
revealed. A Thebesian-coronary venous shunt is 
consistent with the direction and diameter 
of lumen /11. Lumen 112 appears to be involved in 
an inter-Thebesian communication. The endo-
thelial basal lamina is exposed. Four hour 
hyaluronidase exposure; one percent boric acid 
overnight. Bar= 50 µm. 
myocardial capillary systems. It is evident 
that a functional capillary network exists in 
the Thebesian system which does not join the 
Thebesian veins close to their ostia leading 
into the chambers of the heart. 
Our observations also support the con-
cept of retrograde flow because of the absence 
of valves or any structures suggesting them in 
the veins leading to Thebesian ostia. More-
over, Thebesian ostia offer large open 
passageways in their communications with the 
heart chambers (Figs. 2,7). The varying 
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Fig. 10. Microdissected ostium. The lumen 
coursing through the myocardium (M) is re-
vealed on the cut end of the right atrial 
wall. The direction and diameter are con-
sistent with a Thebesian-coronary venous 
shunt. Greater detail of the distal ostium is 
presented in Figure 11. The subendocardial 
loose connective tissue (C) has been exposed 
after removal of the endothelium and basal 
lamina. Three hour pronase exposure: one 
percent boric acid overnight. Bar= 77 µm. 
Fig. 11. Microdissected ostium. This is a 
more detailed view of the ostium in Figure 
10 presented in a more favorable position. 
The subendothelial loose connective tissue 
(C) network appears to be continuous from 
the ostium into the Thebesian lumen. The 
endothelium and basal lamina have been 
removed. Three hours pronase exposure; one 
percent boric acid overnight. Bar= 29 µm. 
pressures of systole and diastole may indeed be 
responsible for some degree of retrograde flow 
during the normal cardiac cycle. The therap-
eutic value of retroperfusion is increased in 
hearts afflicted with coronary occlusion, as 
indicated by Pratt (1898), and Carlson et al. 
(1985). 
Our observations with the scanning elec-
tron microscope are largely consistent with 
the anatomical models and relationships 
illustrated by Grant and Viko (1929). The 
trabecular network in our Figure 5 may be the 
distal trunk of a Thebesian tree. However, 
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identification of all features of Thebesian 
anatomy would require retroperfusion and a 
corrosion model for firm analysis. The lumen 
labeled in Figure 9 is coursing superficially 
parallel to the endocardial surface, most 
likely to anastomose with an adjacent Thebesian 
vessel. This is an example of a Thebesian 
intercommunicating vessel. The diameter of 
tributaries viewed from the endocardial 
surface in Figures 3, 6 and 8 is consistent 
with those of Thebesian-coronary venous 
communications. The lumen in Figure 10 can be 
traced from its distal endocardial ostium, 
best seen in Figure 11, through the myocardium 
most probably to anastomose with a coronary 
vein. 
Our observations with the scanning elec-
tron microscope of normal cardiac tissue after 
enzymatic digestion reveals the three consti-
tuent layers of the endocardium (Melax and 
Leeson, 1967). First, the endothelial layer 
is observed intact after simple treatment with 
a one percent boric acid solution overnight. 
Next, the subendothelial basal lamina is 
revealed after treatment with trypsin (Figs. 
7,8) and hyaluronidase (Fig. 9). Thirdly, the 
subendocardial loose connective tissue is 
exposed after digestion with pronase (Figs. 
10,11). Each of these layers appears to 
participate in the structural organization 
of Thebesian vasculature. 
In summary, the study of Thebesian vascu-
lature with the scanning electron microscope 
is an innovative approach to this previously 
recognized feature of cardiac anatomy. Treat-
ment of normal cardiac tissue with enzymes 
exposes Thebesian substructure not previously 
noted. Enzymatic microdissection of the 
endocardium offers extended application to 
other cardiac structures and similar endo-
thelial systems. 
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Discussion with Reviewers 
S. Siew: Was 1% boric acid used as the 
fixative? If so, why was it used in preference 
to glutaraldehyde, paraformaldehyde, etc.? 
Authors: Yes, a 17. boric acid solution (in 
water) was used. It it suggested that boric 
acid operates by loosening the attachment 
between cell surfaces, collagen and basal 
lamina (Vial and Porter, 1975). This enables 
microdissection by ultrasonication of 
enzymatically-treated rat hearts. 
S. Siew: Why was acetone used for dehydration 
instead of alcohol? 
Authors: Acetone was used preferentially in 
dehydration because of the CO
2 
drying proce~s 
used in the final stages of tissue preparation 
for SEM. 
S. Siew: What was the purpose of the ultra-
sonication? 
Authors: Ultrasonication provided the 
mechanical agitation required to dislodge rat 
endothelial components loosened with boric 
acid and enzymatic digestion. 
A. Castenholz: Why don't you have pictures 
showing the orifices of the Thebesian veins in 
normal preparations, e.g., if they are not 
pretreated with boric acid or enzymes? 
Authors: Thebesian venous ostia are poorly 
visualized in specimens fixed in the usual 
manner. Aldehyde fixation tends to contract 
the specimens, concealing these orifices. 
A. Castenholz: Do you think that the shown 
characteristics in the subepithelial zone of 
the veins pretreated with enzymes and 
ultrasound differ essentially from those of 
other sections of the endocardium and thus 
exhibit specific structural patterns? 
Authors: No. Subendothelial components of 
the rat endocardium appear to be continuous 
with the visualized Thebesian vasculature. 
Thebesian Ostia 
M. Ashraf: Are Thebesian vessels located 
throughout the left ventricular wall or in the 
inner portion of the LV wall, i.e. near to the 
LV cavity? 
Authors: Thebesian veins begin in the 
myocardium by offering venous drainage to 
coronary veins and arteries. It is suspected 
that Thebesian venous supply originates from 
either myocardial capillary plexi or coronary 
veins directly. The course ends in communi-
cation with a cardiac chamber. 
M. Ashraf: As speculated by the authors and 
others that retroperfusion occurs during 
ischemia through T.V., this may in fact, 
reduce the damage to the ischemic zone. 
However, during occlusion of the coronary 
vessel, there is maximum damage to the inner 
LV layers compared to outer epicardial layers. 
As a matter of fact, areas adjacent to LV 
cavity or TV should undergo minimal damage. 
Can the authors comment on this? 
Authors: Thebesian vein corrosion models suggest 
that retroperfusion would be most beneficial in 
the deeper myocardium via capillary plexuses. 
Less common are intra- endocardial Thebesian 
communications that would offer less beneficial 
retroperfusion to the inner left ventricle. 
M. Ashraf: Is it possible histologically to 
distinguish Thebesian veins from other vessels? 
Authors: No. Thebesian vein histological 
composition is the same as that of other 
vessels. 
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